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® A method of measuring the yarn density of a woven fabric or the stitch density of a knit fabric for 
readjusting the production machine in question. 



CO 



© A method of measuring the yarn density of a 
woven fabric or the stitch density of a knitted fabric 
by recording a video image of the woven or knitted, 
fabric to be examined by means of a video camera, 
converting the video image by an analog-to-digital 
converter into digital video information, storing the 
digital video information in a digital image memory 
and converting said information by a central pro- 
cessing unit into the yam density or stitch density. 
The digital video information is converted by a digital 
band filter (14) with central circle frequency (ojo) into 
a yam or stitch density, and that the digital band 
filter (14) is arranged in such a manner that it op- 
erates according to the formula: 



B.„Yk 



+ AoXk-Bi.Y,.,-B2Yk^., 



wherein: 

Yk represents a series of points of the digital in- 
O formation characteristic at interspace T before the 
digital filtering; represents the said series of 
yj points k of the fiTtered digital information characteris- 
tic via digital filtering at the same interspace T; the 
coefficients A and B are a function of the quality 0, 



the central circle frequency <do and the interspace T, 
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A method of measuring the yarn density of a woven fabric or the stitch density of a knit fabric for 

readjusting the production machine in question. 



This invention relates to a method of measur- 
ing the yam density of a woven fabric or the stitch 
density of a knit fabric, for readjusting the produc- 
tion machine in question, such as a loom, Icnitting 
machine or tenter frame, automatically and continu- 
ously, in case of deviation from the desired den- 
sity. 

In the weaving industry, it is useful to know on- 
line the weft density of the fabrics produced: on the 
basis of this data, the operator can adjust the 
Instructed weft density on the production machine 
as accurately as possible. Approximating this weft 
density has an economic importance: too high a 
weft density naturally results in loss of raw materi- 
als, and too low a density leads to complaints from 
customers. Moreover, a measurement of the weft 
density also permits to detect certain errors, such 
as beating errors. 

In the knit fabric industry, the dimensional sta- 
bility of the knit fabric is one of the major quality 
characteristics of tiie finished product By measur- 
ing the stitch density during several phases of the 
production process, it is possible better to control 
the stability of the knit fabrics produced. 

The measuring method commonly used is the 
manual count of the number of yams over a given 
distance (minimum distances are specified accord- 
ing to the standards for different density cate- 
gories). This method has the advantage that it is 
simple, but on the other hand it is not so accurate 
and time-consuming. 

An alternative for the above method is to ravel 
out a piece of cloth with known dimensions, fol- 
lowed by a count of the yams raveled out which is 
highly time-consuming. 

A third known method is the use of fine grids 
laid over the piece of textile to be analyzed. With a 
well-chosen grid, there is obtained a certain moiri 
pattem, from which the density can easily be deter- 
mined. This method has the advantage of being 
quicker and less stressful; accuracy, however, is 
less good. 

A further drawback of this known method is 
that the operator, after establishing a deviation in 
density, always has to adjust the loom, knitting 
machine or tenter frame, which is a relatively stow 
process, so that the deviation in density is not 
removed as quickly as necessary. Moreover, such 
a process is time-consuming and insufficiently ac- 
curate. 

It is an object of the present invention to re- 
move these drawbacks and to provide a method of 
measuring the yam density of a fabric or the stitch 
density of a knit fabric tiiat is highly accurate and 



fast, and in which the measuring data correspond- 
ing with the yarn density and stitch density, is used 
for controlling the loom, knitting machine or tenter 
frame concerned. 

5 To that end, a video image of the woven or 

knitted fabric is picked up by a video camera and 
the video image is converted in an analog-to-digital 
converter into digital video data, which is stored in 
a digital image memory for it to be digitally con- 

10 verted by a central processing unit into the yam 
density or stitch density by means of a digital filter 
with a central circle frequency, said filter being 
arranged so that it is operated according to the 
formula: 

75 Yit = An.Xk^+ An-iXc-n*!— •+ Ao Xfc -Bi. Yfe.i- 

wherein: 

Xic represents a series of points of the digital data 
characteristic at interspace T before the digital fil- 

20 tering; Y^ represents the said series of points k of 
the filtered digital data characteristic after digital 
filtering at the same interspace T; the coefficients 
A. and B are a function of the quality Q, the central 
circle frequency oq and the interspace T. 

25 The filtered digital data characteristic or the 
yam or stitch density data obtained after digital 
filtering is supplied to the loom, knitting machine or 
tenter frame for controlling the loom, knitting ma- 
chine or tenter frame in such a manner that it 

30 delivers a woven or knitted fabric whose density 
can be accurately maintained within certain limits. 
Possibly, this density data can also be supplied to 
a read-out unit for visualizing these data, on the 
basis of which the operator can see to what extent 

35 there are deviations in the woven pattem. 

Advantages of the method according to the 
present invention are that the measurement can be 
easily performed automatically with a high accu- 
racy, that human errors during counting, e.g. of the 

40 number of stitches, are excluded, and that the 
measurement is done much more quickly than with 
the manual method. 

Moreover, the method allows a continuous 
measurement permitting a quicker intervention in 

45 the production process, so that a constant quality 
of the woven or knitted fabric is obtained. 

In a particular embodiment of the method ac- 
cording to the present invention, the central circle 
frequency cdo of the digital filter is designed to be 

50 adjustable as a function of the yam or stitch den- 
sity of the fabric to be examined.. 

In an advantageous embodiment of the method 
according to the present invention this data is en- 
hanced before the conversion of the digital video 
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data. 

Preferably, enhancing the digital video data 
includes at least one of the following steps: con- 
trast expansion, elimination of redundant data from 
the digital video data and accentuation of relevant 
data in the digital video data. 

The yarn or stitch frequency graph can be 
calculated by isolating one line from the digital 
video data or by calculation from the digital image 
information of a row or column histogram. 

The present invention also relates to an ap- 
paratus that is particularly suitable for perfomning 
the method according to the present invention. 

The invention accordingly relates to an appara- 
tus for measuring tfie yam density of a woven 
fabric or of the stitch density of a knit fabric, which 
is characterized in that it comprises: 

- a video camera arranged to record an analog 
video image from the woven or knitted fabric to be 
examined: 

- an analog-to-digital converter converting the ana- 
log video image into digital video data; 

- an image memory for storing the digital video 
data* and 

- a processing unit for converting the digital video 
data into the yam or stitch density by means of a 
digital filter having a central circle frequency. 

Other features and advantages of the present 
invention will become apparent from the following 
description of a method of measuring the yarn 
density of a woven fabric or of the stitch density of 
a knit fabric according to the present invention; this 
description is given by way of example only and is 
not intended to limit the invention In any way; the 
reference numerals refer to the accompanying 
drawings, in which: 

Rg. 1 is a diagrammatic representation of 
the apparatus for measuring the yarn or stitch 
density according to the present invention; 

Fig. 2 is a diagram of the digital filter used in 
the apparatus; 

Rg. 3 is a graph of the digltalized picture 
points or pixels of a line recording or of a histo- 
gram before digital filtering; 

Rg. 4 is a graph of the digltalized picture 
points or pixels of the same line recording or 
histogram of Rg. 2 after digital filtering; 

Rg. 5 is a graph of the picture points to be 
calculated before and after digital filtering; 

Rg. 6 is a graph of tine digltalized picture 
points of a line recording or of a histogram of the 
digital filtering serving as a basis for the calculation 
of the yarn or stitch density. 

In the various figures, tiie same reference nu- 
merals relate to the same elements. 

The woven or knitted fabric 1 to be examined, 
according to its properties and the circumstances, 
is exposed witii incident light from a light source 2 



or with light passing tiirough it from a light source 
3, 

The measuring arrangement according to the 
present invention comprises a camera 4, which 
5 may be a CCD video camera, a fast analog-to- 
digital converter 5, an image memory 6, a process- 
ing unit 7. containing the means for digitally pro- 
cessing the image and after which the data is 
supplied to a display unit 8. and as conti-ol data to 

10 a production machine 22. such as a loom, knitting 
machine or tenter frame. 

An analog video image of the woven or knitted 
fabric 1 is recorded by the camera 4 during the 
manufacture or treatment of said woven or knitted 

75 fabric by the production machine 22. The analog 
video image is applied through lead 9 to the fast 
analog-to-digital converter 5. which converts the 
analog video image Into digital video data, consist- 
ing of a series of measuring points having a digital 

20 value. From the fast analog-to-digital converter 5 
through lead 1 0 the digital video data is applied to. 
and stored in, the image memory 6. In tiiis stage 
the digital video data is not yet suitable for further 
processing, since It still contains redundant data. 

25 This redundant data should first be removed from 
the digital video data, which takes place in the 
processing unit 7. containing an image enhacing 
unit 1 1 for enhancing the digital image or the digital 
video data. 

30 To that end, the digital video data is retrieved 

from the image memory 6 via connection 18 and 
applied to the Image enhancing unit 11 of the 
processing unit 7. Accordingly, this image enhanc- 
ing unit 1 1 performs preparatory operations on the 

35 digital video data, such as image enhancement by 
e.g. contrast expansion, elimination of redundant 
data, accentuation of relevant data and the like. 

After this step, a yarn or stitch frequency graph 
12 is derived from the enhanced video data by a 

40 part 13 of tiie processing unit 7. This can be done 
in two ways: 

A first way is the isolation of one tine from the 
video image now existing in the form of digital 
video data. 

45 By considering the brightness of each digital 

measuring point of a line in function of the place of 
that measuring point in the line, there are obtsuned 
a series of points defined as the data correspond- 
ing with the yarn or stitch frequency graph 12. 

50 which graph is shown in Rg. 3. 

A second manner is the calculation of a row or 
column histogram. Per row or column, the inten- 
sities of all digital measuring points present in the 
row or column under consideration are summed. 

55 The graphic representation of all sums of inten- 
sities fonms a row or column histogram that like- 
wise has the form of the graph of Rg. 3. 

The computation of the density from the data 
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corresponding with the yarn frequency graph of 
Rg. 3 takes place in two stages. 

The first stage comprises a pre-treatment of 
the graph of Fig. 3 by digital filtering, in a digital 
filter unit 14 of the processing unit 7. In the ideal 
case of a perfectly regular fabric, whether woven or 
knitted, the data corresponding with the yarn fre- 
quency graph 12 is a perfectly periodic signal 
having a constant frequency. 

In a normal case, however, this signal is not 
perfectly periodic: various spurious and interfering 
frequencies are superposed on the fundamental 
frequency. These spurious frequencies are filtered 
out in the digital filter unit 14 by means of a digital 
band filter, a digital low*pass filter and/or a digital 
high-pass filter present therein. 

Band filters are especially interesting, because 
they enable the accentuation of a specific fre- 
quency band in the signal. The central frequency 
of that band filter is then adjusted each time by the 
operator of the loom, knitting machine or tenter 
frame in function of the fabric being examined. 

Rg. 2 diagrammatically shows an embodiment 
of the digital filter 14 with central circle frequency 
«o of Rg. 1. This filter comprises a plurality of 
delay units 23ai....an and 23bi...b„. and a summing 
circuit 24. The manner in which these delay units 
are connected to the summing circuit is further 
shown in Rg, 2. and they jointly form a specific 
digital filter algorithm. 

The yam or stitch frequency graph 12, see Rg. 
3, supplied to the input of filter 14, consists of a 
row of points Xk being at an interspace T from 
each other, see Rg. 5. These will be converted by 
the digital filter algorithm to a new row of points Yk 
at the output of filter 1 4. 

The general form of such a filter algorithm is as 
follows: 



+ B„.Yk^ = A™J<k^ + 



Yk + Bi.Yk-1 + B2.Yk-i.. 

AnH2.Xk-m*1.. + Ao.Xk 

or 



Yk = A„,.Xk.m + A„,.,JCk^*i... + Ao.Xk-B,.Yk.,-B2.Yk. 
2..,-Bm.Yk^ 

The filter coefficients Ao...A„ and Bo...B„ define 
the nature of the filer and should therefore be 
calculated from the filter specifications. 

For a classical 2nd order band filter with cen- 
tral circle frequency ojo and quality factor Q, the 
following formula is found: 

Yk + Bt. Yk-i + B2.Yk.2 = Ao.Xk + At.Xn + A2.Xk^ 



or 



75 



20 



25 



30 



35 



40 



45 



SO 



55 



Yk = A2.Xk.2 + A1.Xk.,+A:.Xk-B^Yk.1-B2.Yk.2 

The coefficients A and B are a function of Q. «: 
and T (the distance between two successive points 
of the row of points) in which: 
AO = 2a 



A1 = -2a.e-^( sino<^ 

70 A2 = 0 

B1 = -2e"". cos afi 
B2 = e'^ 



+ COSa-jS) 



wherein 



a = 



2Q 



8 = 



2Q__ 
4q2-1 



In the classical analog filters, filtering takes 
place by means of physical components (capacitor, 
coil). The value of these components and the man- 
ner in which (hey are connected determines the 
characteristics of the filter (cut-off frequency, band 
width, quality factor, high-pass or low-pass). When 
these characteristics are to be changed, it is nec- 
essary to intervene in the circuit arrangement The 
electrical diagram or the value of one of the com- 
ponents thereof will have to be changed. It is not 
possible to render the central circle frequency ojo 
controllable without, in this case too. changing the 
filter value. 

In a digital filter, however, filtering takes place 
by means of mathematical operations; In other 
words, by an algorithm applied to a row of num- 
bers in the memory of a computer. The char- 
acteristics of a digital fitter are determined by a 
number of coefficients and not by physical compo- 
nents. The filter characteristics can thus be ad- 
justed in a simple and fast manner; the filter is 
entirely software-programmable. 

For filtering the yam frequency characteristic. It 
is necessary to have a band filter whose central 
frequency is equal to the yarn frequency of the 
textile to be measured. This can be realized easily 
with the digital filtering described herein. 

ft is even possible to adjust the filter on the 
basis of the measured density, in other words to 
render the system "self-teaching". In a teaching 
phase, filtering takes place then on the basis of an 
estimated central circle frequency. On the basis of 
the measurements, this central circle frequency is 
then adjusted to obtain an optimally effective filter- 
ing. 

The second phase comprises the computation 
proper of the yarn density from the data filtered out 
from the digital filter unit 14. corresponding with the 
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yam or stitch frequency graph 17. shown in Fig. 4. 
In a computing unit 15 of the processing unit 7. 

Rrst, the average of the filtered data corre- 
sponding with the yam or stitch frequency graph 
17 Is computed and detracted from the data cor- 
responding with the graph, after which the number 
of whole periods N in the data corresponding with 
graph 17 is counted. Subsequently, the number of 
picture points (or pixels) Np in these N periods is 
counted. The yarn or stitch density is then obtained 
by the simple step: 
yam or stitch density = N/(Np ^ s) 
in which s is a scale factor defined by the calibra- 
tion procedure to be described hereinafter. 

To obtain a density measurement that is as 
accurate as possible (absolute density measure- 
ment), use is made of a calibration pattern that 
may be a separate, specific pattem for each type 
of fabric. 

A calibration pattem consists e.g. of a metal foil 
on which are provided a plurality of parallel lines 
that are regularly interspaced. This interspace is 
accurately determined. 

Such a calibration pattern is read out by means 
of the measuring arrangement shown in Rg. 1 and 
the frequency characteristic of this read-out calibrai- 
tion pattern is calculated, after which the number of 
whole periods Ny and the number of pixels NyP are 
counted from this frequency characteristic. The 
length of one pixel, i.e. the line distance Sy of the 
calibration pattern, can then be represented by 

Sy = N/Ny P 

This Sy corresponds with the above average scale 
factor s. 

By replacing s in the above indicated expres- 
sion of the yarn or stitch density by the expression 
indicated for Sy, there is obtained the absolute yarn 
or stitch density measurement. 

In Rg. 6, 19 indicates one period of the data 
corresponding with the filtered yarn or stitch fre- 
quency graph, 20 the number of periods N propor- 
tional to Np, the number of pixels, and 21 one line 
recording or histogram. The same method applies 
to the calibration pattem. 

The result obtained is then applied via the 
connection 16 to the read-out unit 8 of a known 
type, on which the yarn or stitch density then 
appears in a form permitting the operator of the 
loom, knitting machine or tenter frame to read out 
and check the yarn or stitch density. 

The result obtained is applied, likewise through 
the connection 16, to the loom, knitting machine or 
tenter frame 22 to adjust it for the instantaneous 
control of the yarn or stitch density, with the result 
that a product is supplied whose density can be 
accurately maintained within well defined limits. 

In the above manner the yam or stitch density 
can be obtained in a very fast and accurate manner 



with the apparatus described herein, which has a 
relatively simple construction, so that a continuous 
and automatic measurement is possible. 

The present invention is not intended to be in 

5 any way limited to the embodiments described 
herein, which, without departing from its scope, 
permit many modifications to be made as regards 
the form, composition, arrangement and number of 
parts used for the realization of the invention, 

70 among other aspects. 



Claims 

T5 1 . A method of measuring the yarn density of a 

woven fabric or the stitch density of a knitted fabric 
by recording a video image of the woven or knitted 
fabric to be examined by means of a video camera, 
converting the video image by an analog-to-digital 

20 converter into digital video Information, storing the 
digital video information In a digital image memory 
and converting said information by a central pro- 
cessing unit into the yam density or stitch density, 
characterized in that the digital video information Is 

25 converted by a digital band filter (14) with central 
circle frequency (mo) Into a yarn or stitch density, 
and tiiat ttie digital band filter (14) is arranged in 
such a manner that it operates according to the 
formula: 

30 

Yk = An.Xk.„+ A„.i.Xk.„.i + Ao Xk -Bi. Yk.|-B2Yk. 

2...-BnY|( 

wherein: 

35 Xic represents a series of points of tiie digital in- 
formation characteristic at interspace T before the 
digital filtering: Y^ represents the said series of 
points k of the filtered digital information char- 
acteristic via digital filtering at the same interspace 

40 T: the coefficients A and B are a function of tiie 
quality Q, the central circle frequency ujo and the 
interspace T. 

2. A method as claimed in claim 1, character- 
ized in that the central circle frequency <ao of the 

45 band filter (14) Is adjustable as a function of the 
yarn or stitch density of tiie fabric (1 ) to be exam- 
ined. 

3. A method as claimed in claim 1, character- 
ized In that the information converted by the central 

50 processing unit (7) is supplied to a suitable display 
unit. 

4. A method as claimed in any one of claims 1- 
3, characterized in that before conversion of tiie 
digital video information, this information Is en- 

55 hanced. 

5. A method as claimed in claim 4, character- 
ized in that the enhancement of the digital video 
information includes at least one of the following 
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steps: contrast expansion, elimination of redundant 
information from the digital video information and 
accentuation of relevant information in the digital 
video information. 

6. A method as claimed in claim 1. character- s 
ized in that the yam or stitch frequency graph (12) 

is computed by isolating one line from the digital 
video information. 

7. A method as claimed in claim 1, character- 
ized in that the information corresponding with tiie io 
yarn or stitch frequency graph (12) is determined 

by the computation of a row or column histogram 
from the digital image information. 

8. A method as clamed in any of the preced- 
ing claims 1-7. characterized in that the yam or is 
stitch density is computed by the digital filter (14), 

by computing the average of tiie filtered informa- 
tion corresponding with the yam or stitch frequency 
graph (17), subtracting said average from said fil- 
tered information, counting the number of whole 20 
periods N in the filtered information, counting the 
number of measuring points Np in said N periods, 
and resolving the equation: 
density - IM/(Np ^ s). in which s is a scale factor. 

9. An apparatus for measuring the yam density 25 
of a woven fabric or the stitch density of a knitted 
fabric, characterized in that it comprises: 

• a video camera (4) for recording an analog video 
image of the woven or knitted fabric (1) to be 
examined, 

- an analog-to-digital converter (5) for converting 
the analog video Imago into digital video informa- 
tion. 

- an image memory (6) for storing the digital video 
information, and 

-a pnDcessing unit (7) for converting the digital 
video information into the yam density or stitch 
density by means of a digital filter (14) with central 
circle frequency wo. 

10. An apparatus as claimed in claim 12. char- 
acterized in that it comprises a suitable display unit 
(8). 

11. An apparatus as claimed in any one of 
claims 9 and 10, characterized in that it comprises 
means for calculating a yarn or stitch frequency 45 
graph (12). 

1 2. An apparatus as claimed In claim 1 1 . char- 
acterized in that it comprises a computer unit (15) 
for determining the yarn or stitch density computed 

by the digital filter (14), corresponding with the so 
yam or stitch frequency graph (17). 

13. An apparatus as claimed in claim 12. char- 
acterized in that the digital filter (14) is a digital 
band filter whose central drcle frequency ojq can be 
adjusted in function of the yam density or stitch 55 
density of the woven or knitted fabric to be exam- 
ined. 
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40 



14. An apparatus as claimed in claim 13, char- 
acterized in tiiat tiie digital filter (14) is a digital 
low-pass filter. 

15. An apparatus as claimed in claim 14. char- 
acterized in tiiat tiie digital filter (14) is a digital 
high-pass filter. 

16. An apparatus as claimed in any one of 
claims 9-15, characterized in tftat it comprises an 
image enhancing unit (11) for enhancing the digital 
video information, which comprises at least one of 
the following devices: a device for contrast expan- 
sion, a device for elimination of redundant informa- 
tion from the digital video information and a device 
for accentuation of relevant information in the digi- 
tal video information. 

17. An apparatus as claimed in any one of 
claims 11-15. characterized in that it comprises 
means (1.3) for isolating one line from the digital 
video information. 

18. An apparatus as claimed in any one of 
claims 11-15. characterized in that it comprises 
means (13) for computing a row or column histo- 
gram from the digital image information. 

19. An apparatus as claimed in any one of 
claims 9-18. characterized in that it comprises at 
least one source of light 
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0 A method of measuring the yam density of a woven fabric or the stitch density of a knit fabric for 
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® A method of measuring the yarn density of a 
woven fabric or the stitch density of a knitted fabric 
by recording a video image of the woven or knitted 
fabric to be examined by means of a video camera, 
converting the video image by an analog-to-digital 
converter into digital video information, storing the 
digital video information in a digital image memory 
and converting said information by a central pro- 
cessing unit into the yam density or stitch density. 
The digital video information is converted by a digital 
band filter (14) with central circle frequency (^o) into 
a yarn or stitch density, and that the digital band 
filter (14) is arranged in such a manner that it op- 
^erates according to the formula: 

< 

^Yk= A„0(|cHi + An.t.XK-o*1— • + AoX|c-Bi .Y|c.i-B2Yk.2...- 

CO 

wherein: 

I^Yic represents a series of points of the digital in- 
N formation characteristic at interspace T before the 
^digital filtering; Yic represents the said series of 
points k of the filtered digital information characteris- 
Jjtic via digital filtering at the same interspace T; the 
coefficients A and S are a function of the quality Q, 
the central circle frequency too and the interspace T. 
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